Brown adipose tissue (BAT) is a thermogenic organ with a vital function in small mammals and potential as met-25 abolic drug target in humans. By using high-resolution LC-tandem-mass spectrometry, we quantified 329 lipid 26 species from 17 (sub)classes and identified the fatty acid composition of all phospholipids from BAT and subcu-27 taneous and gonadal white adipose tissue (WAT) from female and male mice. Phospholipids and free fatty acids 28 were higher in BAT, while DAG and TAG levels were higher in WAT. A set of phospholipids dominated by the res-29 idue docosahexaenoic acid, which influences membrane fluidity, showed the highest specificity for BAT. We ad-30 ditionally detected major sex-specific differences between the BAT lipid profiles, while samples from the 31 different WAT depots were comparatively similar. Female BAT contained less triacylglycerol and more phospho-32 lipids rich in arachidonic and stearic acid whereas another set of fatty acid residues that included linoleic and 33 palmitic acid prevailed in males. These differences in phospholipid fatty acid composition could greatly affect mi-34 tochondrial membranes and other cellular organelles and thereby regulate the function of BAT in a sex-specific 35 manner. 36
The lipid profile of brown adipose tissue is sex-specific in mice 
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213
SAT than in GAT. On the other hand, TAG and DAG levels were visibly 214 higher in WAT. The most prominent characteristic of GAT was its high
215
TAG levels in conjunction with a slightly, but significantly lower content 216 of several phospholipid classes ( Table 1 ). The levels of the two detected 217 species from the low-abundant hexCER class of lipids were specifically 218 elevated in SAT only, while being similarly low in BAT and GAT
219
( Table 1) .
220
To identify individual lipids distinguishing BAT from WAT, we In addition to tissue-specific differences in lipid content, the PCA 237 scores plot ( Fig. 1 ) and the heatmap in Fig. 2 (Table 1) ; a similar trend could be observed for PE and SM levels.
245
The sum of all phospholipids amounted to 26 ± 3 μmol/g tissue in fe-246 male and to 22 ± 2 μmol/g in male BAT (Table 1) . Only in BAT, the 247 ratio of PE to PC was pronouncedly higher in female mice, 2.1 versus 
251
As delineated above, differences in the total content of individual 252 lipid classes could in principle be caused by differences in cell size.
253
Thus, we also investigated the lipid composition, the abundance of indi- class. In the PCA plot generated from these normalized data ( Fig. 1 (Table 2) . Interestingly, the phospholipids characterizing male and fe- In total, 329 lipid species were detected: 6 PC-O, 11 PS, 7 LPC, 38 PC, 7 LPE, 2 LPE-P, 11 PG, 13 PI, 1 LPI, 40 PE, 23 PE-P, 13 SM, 32 FFA, 9 CER, 8 DAG, 106 TAG, and 2 hexCER species. LPE and LPE-P were summarized as LPE(P); the single LPI species detected was not included in the heatmap. Each column represents values from an individual animal.
t1:1 Table 1 t1:2
Content of different lipid (sub)classes in brown (BAT), subcutaneous white (SAT) and gonadal white (GAT) adipose tissue of female (f) and male (m) C57BL/6 N mice. which were, however, not covered by the applied LC-MS approach.
340
The differences between the two WAT depots were comparatively 341 smaller, but still significant. Here, the main findings were a higher 342 amount of TAG and a lower content of several phospholipid classes in
343
GAT which could at least partly be explained by differences in cell size 344 as phospholipids are mainly present in cell membranes. A previous 345 study reported a slightly larger adipocyte area in epididymal than in 346 subcutaneous fat of male mice [28] and our data suggest that a similar 347 difference also exists between SAT and the ovarian depots of female 348 animals.
349
An additional noteworthy finding was pronounced sex-specific dif- 
content, and one explanation for this finding could be a larger cell size.
355
However, previous data on BAT cell size, which to date has only been re-356 ported for rats, suggests a similar [29] or even smaller [30] size of male
357
BAT adipocytes. BAT of female rats appears to have larger mitochondria 358 with a greater cristae density [30, 31] which could, independent of cell 359 size, contribute to the higher amount of membrane-building lipids 360 and the lower amount of TAG in female BAT observed in our study.
361
FFA, which activate mitochondrial uncoupling, were similarly high in
362
BAT of both sexes.
363
Another sex-specific difference that was most pronounced for BAT 364 was the composition of the fatty acid chains contained in phospholipids.
365
A set of residues, including arachidonic and stearic acid, occurred at 366 higher levels in females while others, including linoleic and palmitic 367 acid, were pronouncedly lower. Since all animals had been fed the 368 same standard diet, the shifted fatty acid profile could be a result of bio-369 chemical desaturation and elongation processes that might take place at 370 a higher rate in female mice, as delineated in Supplementary Fig. S-2 .
371
Arachidonic acid is preferentially incorporated by liver and BAT [32] .
372
Our finding of major sex-specific differences in lipid composition only that promote membrane rigidity [33] . Given the high mitochondrial 379 content of this tissue, the sex-specific phospholipid composition of
380
BAT likely reflects differences in the composition of mitochondrial 381 membranes which may, in turn, be related to the increased mitochon-382 drial size and cristae density of BAT mitochondria from female rats de-383 scribed by Rodriguez-Cuenca et al. [30] who found these to resemble 384 the morphological changes of mitochondria from cold-acclimated rats 385 [30, 34] . Similarly, a lower rate of TAG to phospholipids, as observed in 386 female BAT in our study, also has been detected in BAT following cold 387 acclimation [35, 36] . These findings suggest a higher thermogenic activ-388 ity of female BAT, and at least in rats this could, indeed, be the case [37] .
389
Although highly speculative, it is interesting to note in this context that 390 both female rodents [38, 39] 
393
The key mediator of these sex-specific differences appears to be 394 estrogen which has been found to protect against the metabolic 395 syndrome in mouse models and post-menopausal women [42, 43] . 
